The effect of a L-1,3-glucanase (Glucanex) on cultures of Botrytis cinerea was examined. The enzyme released reducing sugars from the mycelium and from the glucan secreted into the culture medium. The morphology of the mycelium was changed in the presence of Glucanex. The measured activity of guaiacol peroxidase, laccase, and catalase was increased when the mycelium was treated with Glucanex. Culture of the mycelium in the presence of Glucanex resulted in an increase in catalase activity. We suggest that the glucan plays a role in protecting the fungus from host response and may assist in the initial stages of host infection. ß 2001 Published by Elsevier Science B.V. on behalf of the Federation of European Microbiological Societies.
Introduction
The presence of glucans in the extracellular matrix of Botrytis cinerea and in the culture medium is well documented [1, 2] . The presence of laccase in the sheath surrounding the hyphae of the fungus was demonstrated by Hodson et al. [3] . Evidence for the presence of other enzymes, such as polygalacturonase and other pectolytic enzymes in the extracellular matrix of the germling of Botrytis has been provided by Doss [4] . It was also shown that the extracellular matrix contains lipids as well as glucan and proteins [5] . The combined data suggest that the extracellular matrix, and perhaps even the glucan secreted by the fungus, might have a physiological function.
The amount of mucilage, composed primarily of glucan, produced by Botrytis is a function of its culture medium, and culturing in a medium containing malt resulted in higher levels of mucilage and lower dry weight content of the mycelium [6] . Since the commercial enzyme Glucanex 0 is available for use in the wine industry [7] , we decided to utilise this enzyme preparation for studying the possible importance of the glucan in enzyme secretion by Botrytis. This enzyme is a L-1,3-glucanase, and was initially described by Dubourdieu et al. [8] and produced by Novo Nordisk A/S Denmark. It has recently been shown that a L-1,3-glucanase is expressed in vine leaves that are infected with B. cinerea [9] . Expression of the gene encoding this enzyme appears to be correlated with the host response to the fungal infection. Indeed, the L-1,3-glucanases are regarded as part of the pathogen-related proteins, thought to be expressed when plants are infected by pathogenic organisms [10] .
The presence of a glucan sheath on the surface of Botrytis, the secretion of L-1,3-glucanases by infected plant tissues, and the apparent ability of Botrytis to resist host defense reactions [11] lend support to the idea that the extracellular glucan of Botrytis has a role in the infection process, and may be part of the fungal resistance to host responses.
Materials and methods

Culturing and harvesting the fungus
B. cinerea strain INRA was cultured without or with gallic acid (1 g l 31 ) as described in Viterbo et al. [12] in 50 ml of malt extract in 10 mM phosphate citrate bu¡er (MEPC) medium in 100-ml Erlenmeyer £asks for 10 days. The £asks were inoculated with an aggregate of spores with mycelium, produced on agar plates containing potato dextrose agar. The cultures were maintained at 20³C on a reciprocal shaker (100 rpm) and used after 10 days of culturing. All enzyme assays were carried out at 222 4³C. The cultures were harvested by centrifugation at 17 000Ug for 10 min.
Enzyme assays
The supernatant of the above centrifugation was used for extracting glucan (see below). The pellet was divided into two equal portions. The portions were weighed for determination of the fresh weight of the mycelium. Each portion was then resuspended in 50 ml 20 mM bu¡er acetate, pH 5.0 (to avoid possible interactions with substances secreted by the fungus into the growth medium) for the assay of laccase activity, and 50 mM bu¡er phosphate-citrate, pH 4.5 for the guaiacol peroxidase assays. Glucanex 0 (0.2 mg ml 31 ) (Novo Nordisk) was added to one of the two portions of each enzyme. The laccase cultures were maintained at 20³C on a reciprocal shaker and the guaiacol peroxidase cultures were maintained at room temperature overnight. Following the incubation, the cultures were harvested by centrifugation at 17 000Ug for 10 min. The volume of the supernatant (the source of extracellular enzyme) was measured, and the pellet was weighed and resuspended in a volume equal in number to the weight in 50 mM bu¡er phosphate-citrate, pH 7.0 for laccase and pH 4.5 for guaiacol peroxidase, and homogenised with an Omni`Polytron' grinder. The volume of the supernatant (the source of intracellular enzyme) was then measured. The pH of both the intra-and extracellular fractions was adjusted to 4.6 for the assays for laccase.
Assay of reducing sugars
The ability of Glucanex to liberate reducing sugars from the mycelium and culture medium of B. cinerea was tested. A 10-day-old culture, grown in the MEPC medium, was centrifuged for 10 min at 17 000Ug. Both the mycelium and the remaining supernatant were divided. Half of the samples were incubated for 24 h with Glucanex and the other half without (Table 1) . At the end of the incubation period, the mycelium was removed from the medium by centrifugation (as above) and all samples examined for the level of reducing sugars by the dinitrosalicylic acid reagent [13] . D-Glucose was used as the standard for reducing sugar.
Precipitation of glucan
The volume of the supernatant was measured and icecold acetone was added to reach a ¢nal concentration of 80% acetone. The suspension was incubated on ice for 1 h. The buoyant glucan was collected using a glass rod, dried in a stream of air, divided into two portions, and weighed for fresh weight determination. The buoyant glucan pellets were resuspended in a volume equal in number to the weight in 50 mM bu¡er acetate, pH 5.0 for the laccase assays. In the case of the guaiacol peroxidase assays, the suspension was centrifuged, the pellet was collected and added to the buoyant glucan previously collected with a glass rod and the two were resuspended in 50 mM bu¡er phosphate-citrate, pH 4.5. Glucanex (0.2 mg ml 31 ) was added to one of the two portions of each enzyme, and the cultures were incubated overnight. The pH was adjusted as above.
Assays of catalase, laccase, and guaiacol peroxidase
Enzyme activity was assayed as described by Gil-ad et al. [6] .
Determination of weight
Fresh weight of the mycelium was determined by weighing, after blotting to remove surface water, and dry weight was determined after oven-drying at 90³C for 24 h.
Testing for pathogenicity
Detached leaves of bean, Phaseolus vulgaris`genotype 1' (furnished by A. von Tiedeman, University of Rostock), were inoculated as described by Bar-Nun and Mayer [14] using 10 Wl of a homogenate of mycelium of B. cinerea grown for 10 days in the absence or presence of 0.2 mg ml 31 of Glucanex in the Kovac medium. The leaves were kept in Petri dishes for 2^4 days in the light from £uores-cent lamps (6 Wmol m 32 s 31 ) and the areas of the lesions were measured at the site of infection. 
Results and discussion
The ability of Glucanex to liberate reducing sugars from the mycelial sheath and from the glucan present in the culture medium was ¢rst examined. The results in Table  1 show that Glucanex does indeed release reducing sugars both from the mycelium and from the glucan secreted by the mycelium into the culture medium (extracellular fraction). While in the case of the mycelium release was dependent on the Glucanex concentration, this was not true for the extracellular fraction. Possibly an excess of enzyme was used in the latter case.
We also compared the dry weight of the mycelia of B. cinerea grown in the presence or absence of Glucanex. The purpose was to determine whether in fact the Glucanex induces changes in the properties of the fungus and alters growth as measured by dry weight, depending on the culture medium. The results (Table 2) clearly show an e¡ect of Glucanex on growth. Growth without Glucanex was greater than with its presence in the MEPC and Kovac media, but not in the Sabouraud medium. This is consistent with our previous results [6] , which showed that in the latter medium the amount of mucilage, which may be assumed to consist chie£y of glucan, was much lower than in the other media. Apparently, the glucan contributed to the dry weight of the fungal mass, and when it is broken down by Glucanex the dry weight decreased signi¢cantly. Thus, the presence of the glucan in the mycelium increases its dry weight appreciably. It should be noted that the reduction of growth by Glucanex was not dependent on the Glucanex concentration in the range tested, up to 0.8 mg Glucanex ml 31 medium. It is probable that the amount of Glucanex was su¤cient at the lowest concentration tested.
Visual comparison of the mycelium under the two culture conditions, with or without Glucanex, also showed marked di¡erences (Fig. 1) . The mycelium grew in the form of globular aggregates. These were 4^7 mm in diameter and dark in colour in the presence of Glucanex, and 7^20 mm and lighter in colour in its absence. Furthermore, abundant mucilage was observed in the absence of Glucanex, but this was much scarcer in its presence. These observations con¢rm that the failure to form the glucan, or its removal by the Glucanex, changes the morphology of the mycelium.
The e¡ect of Glucanex on the distribution of enzyme activity after the treatment, as described in Section 2, was followed. Two enzymes were selected for study: guaiacol peroxidase and laccase. The distribution of guaiacol peroxidase in the di¡erent fractions is shown in Table  3 and that of laccase in Table 4 .
Clearly, as a result of the treatment of the mycelium with Glucanex more guaiacol peroxidase activity was recovered in extracts of the mycelium, the increase being at least two-fold in the pellet and almost three-fold in the supernatant. The same is also true for the enzyme activity present in the buoyant glucan fraction recovered from the culture medium. It can be concluded that the glucan traps the guaiacol peroxidase so that its activity cannot be mea- Results are given as dry weight þ S.D. sured. In addition, the glucan in the mycelium retards or prevents release of the enzyme from the mycelium following homogenisation.
The results of the assay of laccase activity also point to the importance of the presence of the glucan. The laccase activity per g fresh weight in the glucan recovered in the buoyant fraction after acetone treatment is doubled, indicating that the laccase is indeed trapped within the glucan matrix. The Glucanex treatment did not appreciably a¡ect the very low intracellular laccase activity in the mycelium (pellet in Table 4 ). However, the extracellular laccase (supernatant in Table 4 ) also doubled after Glucanex treatment as expected.
The e¡ect of culturing of the fungus in the MEPC medium in the presence of Glucanex was tested on the activity of catalase (Table 5) . Despite the rather large standard deviations of these results, it is evident that as a result of continued exposure to Glucanex both the intra-and extracellular levels of catalase rise appreciably. Apparently, the presence of the glucan sheath protects the mycelium from possible toxicity and hence lower levels of catalase are measured when the glucan sheath is present. Similar experiments with laccase failed to detect any laccase after the Glucanex treatment for 10 days. The reason for this absence of activity is not clear. Glucanex had no e¡ect on a model laccase, prepared from Schinus molle [15] , so that a direct e¡ect on the enzyme seems unlikely.
The ability of mycelia of B. cinerea grown in the presence of Glucanex to infect bean leaves was tested. Fortyeight hours after infection with mycelium of Botrytis grown in the presence of Glucanex, the site of inoculation showed dark globules of the hyphae, 3^4 mm in diameter, with conidia on top. The diameter of the lesions was 6^9 mm. In the absence of Glucanex treatment, dark brown and round spots with scattered hyphae, 2.5^3 mm in diameter, were observed at the site of infection. The diameter of the lesions was 11^13 mm. Seventy-two hours after the infection, the diameter of the lesion on leaves treated with mycelium grown with Glucanex was 16^18 mm. On leaves with untreated mycelium it was 19^21 mm. Ninetysix hours after infection no di¡erences could be detected and the mycelium spread evenly over the leaf in both treatments. Apparently, although treatment with Glucanex somewhat slowed the initial spread of infection, the di¡er-ence in infection rate disappeared after a longer incubation. Thus, despite the fact that the Glucanex treatment had a clear e¡ect on the fungus, it did not impair its ultimate ability to infect host tissue.
We may conclude that the presence of the glucan sheath, covering the hyphae of B. cinerea, has a marked e¡ect on the morphology and characteristics of the fungus. If the glucan sheath is removed by the use of Glucanex (L-1,3-glucanase), the amount of enzyme recovered from the mycelium is increased, indicating that the glucan sheath does trap enzymes. In addition, the glucan sheath slows temporarily the ability of the fungus to infect host tissue. We suggest that the glucan sheath has a dual task in the interaction between the pathogen and its host. The hyphae are protected by the sheath against host responses such as active oxygen species' (AOS) [16] , which consequently do not immediately reach the cells of the pathogen. In addition, the fungus is able to secrete enzymes into the glucan sheath and this may result in the ¢xing of some of the attack enzymes in its arsenal outside the cells. The observation that infected host cells respond by the formation of L-1,3-glucanase [9] , presumably as a response to the fungal The cultures were grown with 1 mg l 31 gallic acid in the MEPC medium for 10 days. Results are given as Wl O 2 min 31 g 31 fresh weight þ S.D. The glucan used is the`buoyant fraction' following precipitation by 80% acetone. Other fractions as in Table 3 . Bu¡er alone, bu¡er with Glucanex, and bu¡er with Glucanex and gallic acid were all devoid of laccase activity.
glucan, also points to the importance of the glucan in the interaction between host and pathogen.
The function of the extracellular glucan of Botrytis merits further study. It would be interesting to determine how isolated glucan a¡ects a number of other enzymes and whether the interaction could change enzyme activity. It is also worth considering whether an isolated glucan, if added to mycelium low in glucan content, would a¡ord protection of the mycelium against AOS. Further experiments, which require isolation of the glucan in quantities without changing its properties, are being planned. It would also be interesting to study the behaviour of mutants de¢cient in the ability to produce the glucan. 
